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Ohio,  under  Program  Element  62405364,  Project  6065,  Task  606  507. 
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sidiary  of  Sverdrup  &  Parcel  and  Associates,  Inc.),  contract  operator 
of  the  Arnold  Engineering  Development  Center  (AEDC),  AFSC,  Arnold 
Air  Force  Station,  Tennessee,  under  Contract  AF40(600)  - 1200.  The 
tests  were  conducted  from  June  21  to  July  5,  1966,  and  from  August  15 
to  25,  1966,  under  ARO  Project  No.  VT0626,  and  the  manuscript  was 
submitted  for  publication  on  March  31,  1967. 

Information  in  this  report  is  embargoed  under  the  Department  of 
State  InternatmnaFTT^ffic  in  Arms  Regulations.  This  report  may  be^- 
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ABSTRACT 


Tests  were  conducted  in  the  40-in.  supersonic  tunnel  of  the  von 
Karman  Gas  Dynamics  Facility  to  investigate  the  drag  and  stability 
characteristics  of  a  series  of  flexible  supersonic  decelerator  models 
deployed  at  various  positions  aft  of  double -strut  mounted  forebodies. 
Data  w'ere  obtained  at  Mach  numbers  from  2  to  5  at  dynamic  pres¬ 
sures  corresponding  to  pressure  altitudes  which  ranged  from  41,000 
to  140,000  ft.  Selected  typical  results  are  presented. 
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SECTION  I 
INTRODUCTION 


Tests  were  conducted  in  the  40-in,  supersonic  tunnel  (Gas  Dynamic 
Wind  Tunnel,  Supersonic  (A))  of  the  von  Karman  Gas  Dynamics  Facility 
(VKF)  to  determine  the  wake  characteristics  of  several  double-strut 
mounted  forebodies  and  the  drag  and  stability  characteristics  of  flexible 
supersonic  decelerator  models  at  various  positions  aft  of  the  forebodies. 
The  forebodies  included  basic  and  modified  configurations  of  the 
Arapaho  ,rCM  test  vehicle,  and  the  decelerators  were  "Parasonics,  " 
members  of  the  hyperflo  family  of  high  performance  supersonic  para¬ 
chutes.  The  tests  were  conducted  in  support  of  the  EUREKA  (Establish¬ 
ment  of  an  Unsymmetrical  Wake  Test  Capability  for  Aerodynamic  Decel¬ 
erators)  program. 

The  decelerator  models  were  tested  at  Mach  numbers  from  2  to  5 
at  dynamic  pressures  corresponding  to  pressure  altitudes  which  ranged 
from  60,000  to  140,000  ft. 

Selected  typical  results  are  presented  showing  the  effects'of  Mach 
number,  location  in  the  wake,  and  design  parameters  on  the  decelerator 
drag.  The  parachute  performance  and  stability  (stability  as  discussed  in 
this  report  refers  only  to  the  conditions  of  oscillatory  motion  of  the  para¬ 
chute  with  respect  to  the  forebody  model)  are  summarized  for  each  test 
condition  in  Table  I. 

In  the  wake  survey  tests  of  this  program,  axial  traverses  were  made 
with  pitot  pressure  and  static  pressure  rakes  at  Mach  numbers  from  2  to 
5  at  pressure  altitudes  which  ranged  from  41,  000  to  123,  000  ft.  These 
data  will  be  utilized  by  the  Goodyear  Aerospace  Corporation  in  the  analy¬ 
sis  of  decelerator  performance,  and  no  presentation  is  made  herein. 


SECTION  II 
APPARATUS 


2.1  WIND  TUNNEL 

Tunnel  A  is  a  continuous,  closed-circuit,  variable  density  wind  tunnel 
with  an  automatically  driven  flexible-plate-type  nozzle  and  a  40-  by  40-in. 
test  section.  The  tunnel  operates  at  Mach  numbers  from  1 .  5  to  6  at  maxi¬ 
mum  stagnation  pressures  from  29  to  200  psia,  respectively,  and  stagnation 
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temperatures  up  to  300°F(Ma>  =  6).  Minimum  operating  pressures  range 
from  about  one-tenth  to  one-twentieth  of  the  maximum  pressures.  A 
description  of  the  tunnel  and  airflow  calibration  information  may  be  found 
in  the  Test  Facilities  Handbook*. 


2.2  TEST  ARTICLES 

2.2.1  Forebodies  and  Support  System 


A  total  of  three  forebodies  (Fig.  1}  were  employed  for  the  decelerator 
tests.  The  0.  182-scale  model  of  the  basic  Arapaho  "C"  consisted  of  a 
cylindrical  centerbody  with  a  symmetrical  flared  afterbody  and  a  probe 
nose  (Configuration  1).  Configuration  2  was  a  variation  of  the  basic  con¬ 
figuration  obtained  by  replacing  the  probe  nose  with  a  blunted  cone  nose. 
Configuration  3  consisted  of  a  blunted,  elliptical  cone  with  a  nose  shape 
identical  to  Configuration  2. 

The  forebody  support  system  (Fig.  lb)  consisted  of  a  strut  spanning 
the  width  of  the  tunnel  and  mounted  to  the  sidewalls.  The  drag  tensiometer 
and  a  winch  assembly  for  varying  the  location  of  the  decelerator  aft  of  the 
forebody  were  housed  in  a  vacuum  tank,  which  was  also  mounted  to  the 
tunnel  sidewall  (Fig.  lb).  The  decelerator  support  line  passed  through 
the  model  and  strut  and  into  the  vacuum  tank  where  it  was  attached  to  the 
tensiometer  and  winch  assembly. 

2.2.2  Decelerator  Models 


Design  and  construction  details  of  the  four  parasonic  parachutes, 
which  are  constructed  in  the  shape  assumed  by  an  inflated  hyperflo  para¬ 
chute  (hyperflo  parachutes  are  constructed  as  truncated  cones),  with 
porous  roofs  and  low  porosity  skirts,  are  given  in  Fig.  2.  Construction 
variables  investigated  were  canopy  size  and  roof  grid  size.  Constant 
total  porosity  (A-t)  of  5  percent  was  maintained  for  all  parachutes  by 
careful  application  to  the  roofs  of  a  flexible,  thermal  coating.  Canopy 
location  (x/d)  behind  the  forebodies  was  varied  from  4  to  10. 

2.3  INSTRUMENTATION 

Parachute  drag  measurements  were  made  with  a  200-lb  tensiometer 
located  in  the  winch  assembly.  A  time  history  of  the  dynamic  drag  out¬ 
put  from  the  tensiometer  was  recorded  on  an  oscillograph,  and  average 


*Test  Facilities  Handbook  (Sixth  Edition),  von  Karman  Gas  Dynamics 
Facility,  Vol.  4.  11  Arnold  Engineering  Development  Center,  November 
1966. 
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drag  values  were  determined  from  the  recorded  traces.  Based  on  the 
repeatability  of  the  calibration  results,  the  accuracy  of  the  drag  meas¬ 
urement  is  estimated  to  be  within  8  percent.  The  uncertainty  in  the  drag 
measurement  includes  the  combined  effects  of  friction  in  the  pulley 
systems  located  in  the  forebodies  and  winch  mechanism,  nonlinearity 
in  the  oscillograph  output,  and  the  stiffness  of  the  aircraft  cable  used 
for  the  parachute  riser  lines. 

Parachute  performance  was  monitored  on  two  high-speed,  16-mm 
motion-picture  cameras  {one  for  side  motion  pictures  and  one  for 
schlieren  photography),  and  additional  photographic  results  were 
obtained  from  regular  and  schlieren  still  cameras. 


SECTION  til 
TEST  PROCEDURE 


Before  each  test  run,  the  parachute  canopy  and  suspension  lines 
were  packed  in  a  deployment  bag,  which  was  then  suspended  near  the 
base  of  the  forebody  model  by  a  pull  cord  routed  from  the  rear  of  the 
bag  through  the  tunnel  Sector.  The  pull  cord  was  held  taut  manually 
during  tunnel  start,  and  when  the  desired  test  condition  was  established, 
a  sharp  pull  on  the  cord  removed  the  bag.  Parachute  location  behind  the 
forebody  was  set  by  the  remotely  operated  winch  assembly  using  refer¬ 
ence  marks  placed  on  the  tunnel  windows. 

A  summary  of  the  test  conditions  and  decelerator  performance 
results  is  given  in  Table  I.  The  observations  presented  in  the  table 
are  the  results  of  evaluations  of  the  photographic  data. 


SECTION  IV 

RESULTS  AND  DISCUSSION 


4.1  PARACHUTE  DRAG 

The  combined  effects  of  parachute  canopy  size  and  location  and  fore- 
body  model  shape  on  the  parachute  drag  coefficients  are  presented  in 
Fig.  3  for  the  lowest  dynamic  pressure  condition.  At  this  test  condition, 
the  drag  coefficients  of  the  parachutes  generally  showed  large  variations 
when  the  parachutes  were  close  to  the  forebody  base  (x/d  <  5)  because 
the  parachutes  would  at  times  cause  the  wake  to  open  and  also  because 
parachute  canopy  inflation  was  poor,  especially  behind  Configuration  3. 
The  variations  in  drag  coefficient  were  smaller  at  the  larger  parachute 
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trailing  distances  (x/ d  >  6),  and  the  drag  coefficient  for  the  larger  diam¬ 
eter  parachutes  was  generally  higher,  although  this  trend  was  not  con¬ 
sistent.  The  transition  from  a  stable  to  an  unstable  or  marginally  stable 
parachute  configuration  was  generally  accompanied  by  a  change  in  drag 
coefficient;  however,  no  consistent  effects  of  parachute  performance 
on  the  drag  coefficient  were  observed. 

The  effects  of  increasing  dynamic  pressure  are  presented,  for 
parachute  Configuration  1,  in  Fig.  4.  For  the  higher  dynamic  pressure 
levels,  the  forebody  wake  in  the  base  region  was  generally  less  affected 
by  the  presence  of  the  decelerators,  inflation  was  better,  and  the  drag 
was  generally  higher  for  x/ d  <  5.  For  >  2  and  x/d  >  6,  the  drag 
coefficients  of  the  parachutes  behind  forebody  Configuration  3  showed 
only  small  variations  with  increasing  dynamic  pressure,  whereas  the 
drag  coefficients  for  parachutes  behind  Configuration  2  decreased  as 
dynamic  pressure  was  increased.  Here  again  parachute  performance 
at  different  dynamic  pressure  levels  showed  no  definite  trends  that 
explain  the  drag  differences. 

The  decrease  in  the  drag  coefficients  with  Mach  number  is  shown 
in  Fig.  5  for  x/d  locations  of  6  and  8.  Schlieren  photographs  are  given 
in  Fig.  6,  illustrating  the  open-wake  conditions  obtained  for  x/d  <  5. 

Poor  canopy  inflation  is  evident  in  the  photograph  in  Fig.  fib. 

4.2  PARACHUTE  PERFORMANCE 

Parachute  performance  for  each  test  run  is  presented  in  Table  I. 
Generally,  the  canopy  roof  grid  size  had  little  effect  on  performance. 
Behind  the  symmetrical  forebody  configurations  (1  and  2),  both  the  large 
and  small  diameter  parachutes  were  generally  unstable  at  small  values 
of  x/d  and  stable  at  the  larger  values  for  M0  <  4,  whereas  the  converse 
was  true  when  the  parachutes  were  behind  forebody  Configuration  3.  For 
Mach  numbers  of  4  or  greater,  the  parachutes  were  stable  at  all  values 
of  x/d  behind  all  three  forebodies.  Increasing  the  dynamic  pressure 
usually  increased  the  range  of  x/d  values  where  the  parachutes  were 
stable. 
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b. 
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e.  Configurotion  1  in  Tunnel  A,  =  2,  «  0.5  psio 


Configurotion  3  Configuration  4 

d.  Configurotion  Photogroph* 

Fig.  2  Concluded 
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Forebody  1 


Forebody  3 
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b.  Forebody  3,  Porachot*  Configuration  3 

Fig.  6  Schlieren  Photogrophs  of  Deployed  Porochutes  ot  Mm  =  4,  qM  =  0.5  p»io,  end  x/d  =  4.5 
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TABLE  I 

DECELERATOR  TEST  CONDITIONS  AND  PERFORMANCE  RESULTS 


Parachute 

Forebody 

*/d 

CDp 

Configuration 

\ 

Configuration 

Max 

pBia 

Min 

Max 

2  0 

4,5 

9.0 

0.  B, 

0.54 

1.  54 

Stable  at  x/d  5  6,  unstable  at  x/d  >6,  oscilla- 

1.  5 

tiori3  of  ±0  deg  at  x/d  >  8,  violent  pulsing  of 
canopy  at  x/d  =  4.  5  to  medium  pu.smg  at 
x/d  =  &  and  6. 

3 

0 

4.  5 

8.0 

0.6 

0.23 

0.  53 

Stable,  slowly  spinning,  and  fair  inflation 
at  x/d  £  5,  unstable  at  x/d  2  6. 

4.5 

B.O 

l.c 

0.31 

0.  3B 

Fair  inflation,  very  stable  at  x/d  £  5,  stable 
at  x/d  -  6. 

4.5 

3.0 

1.5 

0.  31 

0,37 

Stable  but  violently  pulsing  at  x/d  =  4.5,  stable 
with  fair  inflation  at  x/d  ^5. 

4 

0 

4.  5 

e.o 

O.  5 

0. 14 

0.  30 

Very  stable,  violently  pulsing  and  spinning  at 
x/d  =  4.  5,  medium  pulsing  and  fair  Inflation 
at  x/d  >  5, 

4.5 

8.0 

1.0. 

0.  12 

0.20 

Very  stable,  violently  pulsing  at  x/d  =  4.5. 

1.  5 

medium  pulsing  (fair  inflation)  at  x/d  >  5, 
spinning  at  x/d  2  5,  =  1,0.  , 

S 

m 

4.5 

B.O 

0.5, 

0. 13 

0.43 

Very  Btabie  and  good  inflation  at  x/d  £  5„ 

1.5 

stable,  slowly  spinning,  and  medium  pulsing 
(fair  inflation)  at  x/d  2  6. 

2.0 

4.  5 

8,0 

0.6 

0.47 

1.  14 

Very  stable  (x/d  *  4.5)  to  stable  and  good 

inflation  at  x/d  £  5,  very  unstable  (±10  to 
±14  deg)  at  x/d  >  C, 

4.  5 

B.O 

1.0 

0.  51 

1. 17 

Very  stable  but  violent  puls  mg  at  x/d  =  4.5; 
very  unstable  (±10  deg)  and  coning  at  x/d  2  5. 

3 

0 

4.5 

8.0 

0.  6 

0.  53 

0.61 

Very  stable  and  fair  inflation  at  x/d  £  6. 

Unstable  at  x/d  2  7. 

4,  5 

0.8, 

0.32 

0,58 

Very  stable  (x/d  =  4.5)  to  stable,  and  fair  to 

1.0 

poor  inflation,  oscillations  of  ±4  deg  at  x/d  >  6, 
q.  =  o.  e. 

4 

0 

4,  & 

8,0 

0,  5 

0.21 

0.5C 

Very  stable  (x/d  £  5)  to  stable,  and  good 
x/d  £  6)  to  fair  or  poor  Inflation,  oscillations 
of  ±4  deg  at  x/d  2  7. 

4.5 

B.O 

0.  B 

0,  23 

0.52 

Very  stable  (x/d  £  5)  to  stable,  and  good 
(x/d  £  5)  to  poor  inflation,  violent  pulsing  at 
x/d  =  6. 

4.5 

8.0 

i.O 

0.  22 

0.40 

Very  stable,  violent  pulsing  at  x/d  K  4.  5,  j 

generally  good  inflation  at  x/d  >  5.  j 
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TABLE  I  (Continued) 


Parachute 

Forebody 

x/ d 

mm 

cDp 

l 

Configuration 

Configuration. 

Min 

Max 

Max 

Remarks 

_ l 

5.0 

4.5 

8.  0 

0.  5 

0.13 

0  42 

Very  stable  (x/d  5  5)  to  stable,  and  good 

(x/d  5  5)  to  fair  inflation 

1.0 

0.24 

0.  35 

Very  stable,  medium  pulsing  at  x/d  =4.5  and 

8.  0,  good  (x/d  3  5)  to  fair  inflation  for  other 
xf  d's 

2 

Q 

4.0 

6.  5 

0.  6 

0  56 

0.  69 

Very  stable  to  stable  (x/d  =  5)  and  good  infla¬ 
tion  at  x/d  £  5.  unstable  at  x/d  >  6. 

4.0 

6.  5 

>.0 

0.38 

0.  79 

Stable  and  good  to  fair  (x/d  =  5)  inflation  at 
x/d  £  5,  unstable  at  x/d  =  6,  marginal  stability 
at  x/d  *  6  5. 

4.0 

0.  5 

1.5 

0.81 

0.03 

Very  stable  (x/d  i  4.  5)  to  stable  and  good 
(x/d  -  4  5)  to  fair  inflation,  stable  at  x/d  ^  5 

3.0 

4  0 

8.0 

0.  6 

0  16 

0.46 

Very  stable  and  good  inflation  at  x/d  3  4, 

unstable  at  x/d  a  5,  marginal  stability  at 

x/d  =  6.  stable  but  large  oscillations  at  x/d  2  7. 

4.0 

8.0 

1.0, 

0.20 

0.45 

Very  stable  (x/d  =  4.  q„  '  1)  to  stable  and  good 

1,  5 

(x/ d  *  4)  to  fair  inflation, 

4 

0 

4.0 

a  o 

0  5 

0.  12 

0.24 

Unstable  at  x/d  *  4,  stable  and  poor  (x/d  =  5} 
to  fair  inflation  at  x/d  2  5. 

4.0 

8  0 

1.0 

0.  14 

0  29 

Very  stable  and  good  to  fair  in  Cat  ion. 

4  0 

a  o 

1.  5 

0.  14 

0.  34 

Stable  and  fair  (x/d  c  4)  to  good  inflation. 

5.0 

4.0 

8.0 

0.5, 

0.07 

0  20 

Unstable  at  x/d  3  4.  very  stable  and  good 

1.5 

(q.  -  1,  o)  to  fair  <q„  3  0.  5)  inflation  at 
x/d  >  5 

2.0 

4.5 

e.o 

0.  6 

0.44 

0.  60 

Canopy  motionless  at  x/d  =  5  and  6.  stable  and 

good  inflation  at  x/d  =  3,  unstable  (±7  deg)  at 
x/d  =4.5  and  7 

4 .  5 

8.  0 

1.26  10.57 

0.  SB 

Very  stable  (x/d  *  5  and  6)  to  stable  and 

generally  good  inflation  at  all  x/d's. 

4.  5 

6.0 

2.0 

0.  54 

0.  79 

Very  Stable  (x/d  *  5)  to  stable  (x/d  ■  4.  5)  and 
good  inflation  at  x/d  £  5;  unstable  (±8  deg)  at 
x/d  =  6 

3 

0 

4.  5 

8.0 

0.5 

0.31 

0.62 

Virtually  motionless  with  good  inflation  at 
x/d  *  5  anc  6,  unstable  (±B  deg)  at  x/d  -  4.  5 
and  8,  very  unstable  (±12  deg)  at  x/d  =  T. 

4.  5 

8.0 

1.  o 

0.  32 

0.  51 

Stable  (±4  deg)  and  fair  inflation  at  x/d  3  4.  5, 
virtually  motionless  with  good  Inflation  at 
x/d  =  5  and  6,  marginal  stability  (±5  deg)  at 
x/d  ?  7. 

4.5 

8.0 

1.5 

0.30 

0.36 

Virtually  motionless  with  gooc.  inflation  at 
x/d  5  5,  fair  inflation  and  stable  {±4  deg)  at 
x/d  *  6  arid  8  to  unstable  (±6  deg)  at  x/d  3  7. 
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TABLE  t  (Continued) 


Para 

chute 

Fore  bod> 

xf  d 

4<*.i 

Cdp 

Remarks 

Configuration 

M 

Configuration 

Mm 

Max 

psia 

Mm 

Max 

4 

0 

4,  a 

8.0 

0.  5 

a.  24 

0.  32 

Virtually  inot.on.ess  with  goad  inflation  at 
>./c  <  6,  stable  (±3  deg)  and  fair  inflation  at 
x»c  -  7,  marg.nal  stability  at  x/d  -  8. 

4.  5 

8.0 

1.0, 

0.  14 

0.  23 

Stable  (±4  deg)  and  fair  inflation  at  x/d  =  8, 

1.5 

=  1.0,  very  stable  and  good  inflation  else¬ 
where,  motionless  at  xi  d  <5. 

b 

0 

i .  & 

8.  0 

0  5 

0.  U 

0.  23 

Very  stable,  good  inflation  at  all  xi  d’s  (some 
parking  creases  still  m  canopy). 

4.  5 

8.0 

1.0, 

0.  15 

0  21 

Very  stable,  slight  pulsing  (xf  d  *  4,  5)  mcreas- 

1.5 

mg  with  x/d  to  medium  pulsing  (x/d  =  8). 

2. 

0 

2 

4.  5 

B.  0 

0.G 

0.  39 

0.  73 

Ver-v  stable  and  good  irJlat.on  at  x/d  =  5  and  6, 

unstable  (=6  to  ±8  deg)  at  x/d  =  4  5,  7,  and  8, 
coning  at  x/d  =  8 

4  5 

8  0 

1.0 

0  39 

0  73 

Stable  (±3  to  ±4  5  deg)  and  good  to  fair  inflation  1 
at  x/d  <  6.  unstable  (-7  5  deg)  and  coning  at 

XiC.  7. 

3 

0 

4.5 

8.0 

0.  5 

0.32 

0.  4? 

Very  stable  and  good  inflation  at  x/d  S  6, 
unstable  (±7  deg)  at  x/d  *  7. 

4.5 

8.  0 

0.  7G 

0.  34 

0.50 

Motionless  and  good  inflation  at  x/d  5  5,  unstable 
[-6  deg)  at  x'c  s  6  and  7;  marginal  stability  at 
x/d  =  6. 

4.  5 

8.  0 

1.0 

0.33 

0.  49 

Motionless  and  good  inflation  at  x/d  5  5,  oscil¬ 
lations  of  ±4  deg  (x/d  ■  7)  to  ±3  deg  (x/d  *  8) 
at  x/d  3  7,  unstable  (n7  deg)  at  x/d  =  S. 

4 

0 

4.  5 

8.0 

0.3 

0.31 

0.  49 

Very  stable  (motionless  at  x/d  -  5)  ana  gcod 
inflation  ai  x/d  H  6,  staole  and  good  (x/d  =  7) 
to  fair  (x/d  =  8)  inflation  at  x/d  ^  7. 

4.5 

8.  0 

0.  76 

0  23 

0.37 

Motionless  with  good  inflation  at  x/d  5  5,  fair  1 

inflation  with  oscil.ations  of  =4  cleg  (x/d  =  6) 
to  ±2.  5  c.eg  (x/ei  =  8)  at  x»Jc  1  S. 

4.5 

8.  0 

1.  0 

0  21 
L.  11 

0.30 

Medium  pulsing,  very  stable  (x/d  *4,5  and  6} 
to  stable  (x/d  =  5,  6,  and  7). 

5 

0 

4.  o 

3.0 

0.  5 

0.  30 

Medium  to  violent  pulsing,  some  packing  creases 
in  canopy,  very  stable  at  x/d  -  5,  margir.al 
sTC-buit}  ct  x/d  -  6,  unstable  (±10  deg)  at 
x/d  >  7. 

' 

4  5 

8.0 

1.  0 

0.  21 

1 

4 - 

0.28 

Medium  pulsing,  very  stable  (x/d  i  5)  to 
|  stable  (x/d  >  5),  packing  creasee  m  canopy. 
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TABLE  I  (Continued) 


Parachute 

~ 

Forebody 

x/d 

9.. 

CDp 

Remarks 

Configuration 

• 

Configuration 

Mm 

Max 

psia 

Min 

Max 

3 

0 

4.  0 

8.  0 

0.  6, 

0.  36 

0.  64 

Very  unstable  at  x/d  -  8,  q^,  s  1.5,  very  stable 

1.5 

with  no  pulsing  (q^,  -  1.5)  to  medium  pulsing 
(q.  -  0.  6)  at  x/d  *  4,  stable  with  good  (qB  -0.6} 
to  fair  (q.  =  1.5)  inflation  at  other  x/d 's. 

4 

4.  D 

6.0 

0.  5 

0.  05 

0.  18 

Stable  but  violent  pulsing  at  x/d  =  4,  very  stable 
and  good  inflation  at  x/d  -  5,  stable  and  fair 
inflation  at  x/d  =  7,  but  unstable  at  x/d  8  6 and 8. 

4.0 

8.0 

1.0. 

0.  11 

0.  23 

Very  stable  and  good  inflation  at  x/d  =  4.  stable 

1.5 

(±4  deg)  and  medium  to  violent  pulsing  at 
x/d  >  5. 

3 

3 

0 

6.0 

10.  0 

0.6 

0.  32 

0.53 

Very  stable  <x/d  =  6)  to  stable  (x/d  =  7)  and  no 

pulsing  (x/d  =  6)  to  violent  pulsing  (x/d  =  7)  at 
x/d  ^  7.  unstable  (x/d  =  8  and  9}  to  very  unstable 
x/d  =  10). 

6.  0 

10.0 

1.0 

0.  3C 

0.45 

Very  stable  (x/d  *  6}  to  stable  (x/d  =  7  and  8) 
and  medium  (x/d  8  6)  to  violent  (x/d  =  7  and  8) 

pulsing  at  x/d  $  8,  very  unstable  at  x/d  >  9, 

IjMjH 

B.  0 

1.5 

0.33. 

0.  60 

Stable  with  medium  pulsing  at  x/d  5  7,  unstable 
at  x/d  =  8.  Bkirt  ruptured  in  several  places. 

1 

9.0 

0.  5 

0.  16 

0.41 

Very  stable,  medium  pulsing  (x/d  8  6)  decreaa- 

jr.g  to  slight  pulsing  (x/d  8  9),  spinning. 

g.d 

B.O 

1.5 

0.  10 

0.  18 

Very  stable,  medium  pulsing  (x/d  =  6)  to  violent 
pulsing  {x/d  ■  7  and  B),  spinning. 

3 

0 

2 

6.0 

10. 0 

o.  5, 

0.47 

0.61 

Very  stable,  violent  pulsing  at  8  1.0.  med- 

1.0 

ium  pulsing  at  qw  8  0.  5. 

4 

u 

2 

6.0 

10.  0 

0.41 

0.57 

Very  stable;  slight  pulsing  at  q.  =  0.  5,  medium 

<x/d  =  7)  to  violent  pulsing  at  q^,  =  1.0. 

2 

g 

3 

4.5 

7.0 

0.  59 

0.  85 

Very  stable  and  good  inflation  at  x/d  S  6.  5, 

unstable  at  x/d  c  7.  yawing  at  x/d  >  6. 

4.  5 

0.  70 

I.  OG 

Very  etable  and  good  inflation  at  x/  d  .5  5, 

unstable  at  x/d  >  6,  yawing  at  x/d  =  lC 

3 

0 

4.5 

3.0 

H 

0.21 

0.  43 

Very  stable  with  violent  pulsing  (x/d  8  4.  5) 
decreasing  to  slight  pulsing  (x/d  8  6)  at 
x/d  >  6,  unstable  at  x/d  =7  and  8. 

4.5 

■ 

0.44 

0.  52 

Violent  to  medium  pulsing  at  all  x/d's,  very 
stable  at  x/d  8  4.  5  and  6,  stable  at  x/d  =  5,  7, 

1 
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TABLE  I  (Concluded) 


Parachute 

x/d 

igpff 

^Dp 

Remarks 

Configuration 

* 

Max 

Max 

3 

4.0 

3 

4.5 

e.o 

0.5 

0.05 

0.23 

Stab.e  (x/d  =  4.5)  to  verj  stable,  violent  pulsing  1 

0,42 

(x,'d  =  4.  5)  decreasing  to  medium,  pulsing  at 
larger  x / d's 

4.  5 

8.  0 

1.5 

0,  so 

Mostly  stable,  but  periods  of  instability  at  x/d  =5, 
violent  pulsing  (x/a  =  4.5)  decreasing  to  medium 

pulsing  at  larger  x/d 

5 

0 

4.  5 

8.0 

0.  S, 

0.  10 

0.  32 

Stable,  violent  pulsing  at  x/d  5  5,  medium 

0.8. 

pulsing  <q_  *  0,  5)  or  medium  to  violent 

1.  0 

<q_  *  0.  8  and  1. 0)  at  x/d  i  6, 

1  4 

3 

El 

1 

6.  0 

8.  o 

0,  6, 

0.38 

0.60 

Unstable  at  x/d  =  8,  qw  =  0.6,  otherwise  very 

1.  5 

stable,  slight  pulsing  (q,,  =  0.  6)  ~a  medium 
pulfling  {q_  -  1.  &). 

4 

a 

6.  0 

8.  0 

0.5 

0.32 

0.  43 

Very  stable  and  good  inflation  at  x/d  =  6,  mar¬ 
ginal  stability  at  x/'d  s  8;  unstable  at  x/d  -  7, 

packing  creases  in  canopy. 

6.0 

8.0 

1.5 

0.26 

0.41 

Very  stable  with  alight  pulsing  at  x/d  =  6. 
stable  with  medium  pulsing  at  x/ d  =  7  and  B. 

3.0 

2 

6.  0 

10.0 

0.  6 

0.  52 

0.80 

Virtually  motionless  with  good  inflation  at 

x/d  5  &,  marginal  stability  (x/d  *  9)  1o  insta¬ 
bility  (x/d  *  10)  with  violent  pulsing  at 

x/d  i  9. 

6.0 

10.  0 

1.0 

0.  30 

0,  S3 

Motionless  with  medium  pulsing  at  x/d  <  7, 
stable  (£3.  5  deg)  with  medium  to  violent  puls¬ 
ing  at  x/d  i  8. 

4 

0 

6.  0 

10.0 

0.5, 

0.43 

0,60 

Very  stable  with  slight  pulsing  at  x/d  5  8, 

1.0 

g table  (±3  to  ±4  deg)  with  violent  pulsing  at 
x/d  =  9  and  10. 

2.0 

3 

4.  5 

7.0 

0.  6 

0.  71 

0,79 

Very  stable  (x/d  ^  5)  to  stable  with  no  pulfling 

to  medium  (x/ d  »  7)  pulsing. 

4.5 

7.0 

1.  0 

0.  62 

0.  88 

Stable,  violent  (x/d  -  4.5)  to  slight  pulsing. 

3 

0 

4.  5 

8.0 

1.  o 

0.53 

0.64 

Unstable  at  x/d  s  4.  5  and  8,  very  stable  to 
stable  (x/d  =  7)  with  slight  to  medium 
(x/d  e  7)  pulsing  at  other  x/d's. 

4.0 

4.  5 

8.5 

0.5 

0.  07 

0.27 

Stable  with  violent  pulsing  at  x/d  =  4.  5,  very 

stable  with  medium  to  slight  pulsing  at 
x/d  B  5  and  6,  unstable  at  x/d  ^  7. 

4,  5 

8.0 

1.5 

0.  14 

0.4  6 

Unstable  at  x/d  =  4.5,  7,  and  B,  stable  with 
medium  to  violent  pulsing  at  x/d  -  5  and  6, 
chute  rupturea  in  several  places. 

5.0 

4,  5 

B.O 

0.  5 

0.20 

0.30 

Spinning  slightly,  stable  with  generally  violent 

pulsing. 

Note  The  following  nomenclature  applies  regarding  parachute  stability. 

Very  Stable  -  Oscillations  between  0  and  £2  deg.  Unstable  -  Oscillations  between  ±5  and  £10  deg. 

Stable  -  Oscillations  between  £2  and  ±5  deg.  Very  Unstable  -  Oscillations  greater  than  10  deg. 
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